There have been several studies of the effects of suxamethonium on intragastric pressure (table I) . Some authors have observed marked increases in intragastric pressure produced during fasciculations (Andersen, 1962; La Cour, 1969) and have suggested that this predisposes to regurgitation of gastric contents into the oropharynx. However, the forces inducing regurgitation from the stomach are not the intragastric pressures per se but the pressure differences between the stomach and the physiological sphincter at the lower end of the oesophagus (the high pressure zone, or HPZ). This study was designed to investigate the gastric-HPZ pressure gradient during the induction of anaesthesia and following suxamethonium.
PATIENTS AND METHODS
Fifteen patients undergoing vagotomy and pyloroplasty for duodenal ulcer were studied. Many of them were receiving medical therapy, including antacids and anticholinergics, which was discontinued on the day before surgery. In addition, we studied 14 patients who were undergoing non-abdominal surgery and who had no history of gastrointestinal disease or of receiving drug therapy. All the patients gave informed consent for the study. Premedication was morphine 10 mg i.m. 1 h before anaesthesia. Each patient was asked to swallow a triple-lumen tube comprising three fine polythene tubes 100 cm long (2 mm o.d., G. SMITH, B.SC, M.D., F.F.A.R.C.S., T. I. R. WILLIAMS, 1 mm i.d.) and bound together at intervals with tape. A single 1-mm diameter, lateral orifice was situated in each of the three tubes at 4, 9 and 14.5 cm respectively from the distal end which was sealed. The proximal end of each tube was connected to a 50-ml syringe, filled with normal saline, driven by a Harvard pump perfusing the tubes at a rate of 1.4 ml min"
1 . At the junction of each tube with its syringe was a three-way tap connected to a pressure transducer (Elema-Schonander EMT 34). The output from the transducers was fed to an ink-jet recorder (Mingograf 81). Each transducer was calibrated against a mercury column and the zero baseline was taken as the value obtained when the catheters were perfused, and the orifices held at the level of the mid-axillary line of the supine patient.
Initially, the triple tube was swallowed until the 50-cm mark was at the incisor teeth and all three apertures were in the stomach. The tube was withdrawn gradually so that the uppermost aperture passed through the HPZ region as noted by a sudden increase in pressure ( fig. 1, A) . The tube was further withdrawn until the middle aperture was in HPZ, the top aperture being in the oesophagus and the lowermost in the stomach. The tube was fixed in this position and the correct siting confirmed by asking the patient to swallow. Initially, this produced a decrease in HPZ pressure followed by an increase as the peristaltic wave descended from the oesophagus ( fig. 1, B) .
The tube was allowed to remain in situ for about 15-20 min to allow gastric motility to return to normal before pressure measurements were made. during the presence of swallowing in two subjects (A) and (B). (A) At A, the tubes were withdrawn by a short distance. Note that in the uppermost trace, the pressure decreased from an HPZ region to an oesophageal pressure. A further small withdrawal caused the middle tracings to increase from a gastric pressure recording to one in the HPZ region. At B, the subject swallowed. An increase in oesophageal pressure was accompanied by a decrease followed by an increase in HPZ pressure and no change in gastric pressure. Note that respiratory fluctuations were in phase in the oesophageal and HPZ regions, (B) Subject swallowed at point B. There is a large increase in oesophageal, a small increase in HPZ and no change in gastric pressures.
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Baseline measurements were obtained over a period of 1 min before induction of anaesthesia. Each patient was pre-oxygenated for 3 min before induction of anaesthesia and, with continuous recording of pressures, thiopentone 4 mg kg" 1 body weight was administered i.v. slowly. When the eye-lash reflex had disappeared, suxamethonium 100 mg was given i.v. and, after fasciculations had ceased, the trachea was intubated, the lungs ventilated artificially and the pressure recording tubes withdrawn.
Using the pressures obtained at end-expiration over the 1-min period before induction of anaesthesia as a baseline, end-expiratory pressures were obtained from the tracings at the time of loss of the eye-lash reflex and the maximum pressure during the presence of fasciculation noted.
RESULTS
In patients with a duodenal ulcer, the mean gastric pressure before induction of anaesthesia was 4.3 mm Hg; this was significantly less than the mean HPZ pressure. Both pressures decreased significantly following the induction of anaesthesia, but when fasciculations occurred there was a marked increase in both gastric and HPZ pressures to values significantly greater than those observed before anaesthesia.
However, the gradient between the HPZ and gastric pressures did not change significantly (table II) .
The gastric and HPZ pressures before induction of anaesthesia in the patients with a normal gastrointestinal tract (table III) were approximately 5-7 mm Hg greater than the corresponding values in the patients with duodenal ulcer. However, the patterns of change in response to thiopentone and suxamethonium were similar. The gradient between HPZ and stomach decreased slightly following the induction of anaesthesia, but was not significantly different during fasciculations from the value before induction of anaesthesia (table III) . Typical pressure recordings for two of the patients with duodenal ulcer are shown in figure 2.
DISCUSSION
In this study, the mean resting gastric pressures were 4.3 mm Hg and 10.9 mm Hg in patients with abnormal and normal gastrointestinal tracts respectively. The corresponding values for HPZ pressures were 9.7 and 17.5 mm Hg respectively. These values are smaller than those reported in fit, resting, unpremedicated subjects with a similar system of measurement (Brock-Utne et al., 1976 , 1977 , 1978 , but it is known that premedication produces a reduction in HPZ pressures. Hall and others (1975) demonstrated that morphine 7-10 mg i.v. caused a reduction in HPZ pressure of approximately 5 mm Hg. The lower pressures in patients with duodenal ulcer, in comparison with healthy patients, may be a reflection of both the disease and the fact that many of these patients were receiving anticholinergic drugs. In both groups of patients, we avoided the use of atropine in premedication as anticholinergics are known to decrease the lower oesophageal sphincter pressure (Brock-Utne et al., 1977) .
Following the induction of anaesthesia, there was a small but significant reduction in gastric and HPZ pressures. Inasmuch as morphine, pethidine and diazepam have been shown to reduce HPZ pressures significantly and by approximately the same extent when given in amounts i.v. sufficient to cause drowsiness (Hall et al., 1975) , it is likely that this effect is related to a non-specific loss of tone following the induction of anaesthesia.
During fasciculations in the present study, there was an increase in intragastric pressure to a maximum value of 23 mm Hg (table II) Spence, Moir and Finlay (1967) , similar to those of the present study. However, whenever we recorded a modest increase in intragastric pressure during the presence of fasciculations, there was always a corresponding increase in HPZ pressure. Indeed, the mean gradient between HPZ and stomach increased slightly during fasciculations in comparison with the gradients before induction of anaesthesia, although the changes are not statistically significant. Comparing the gradients after induction of anaesthesia with those during fasciculations, it may be seen that there was a significant increase in barrier pressures. Thus we consider that there is no increase in the tendency to regurgitate when the gastric pressure increased in response to fasciculations induced by suxamethonium. However, this conclusion cannot be applied when there is abnormality in the gastro-oesophageal region such as the presence of hiatus hernia.
There are three major mechanisms which maintain gastro-oesophageal competence. The gastro-oesophageal angle has been studied by several workers. Marchand (1957) found that in the cadaver, reflux was produced by an intragastric pressure of 28 mm H 2 O if the stomach was in its normal position, by 42 cm H 2 O if the fundus were moved up into the chest and by 9 cm H 2 O if the fundus were removed. This type of work was repeated by Greenan (1961) who found that in the anaesthetized subject, paralysed with curare, the pressure likely to induce regurgitation was 26 cm H 2 O with a normal gastro-eosophageal angle, 44 cm H 2 O with a more acute angle and 7.5 cm H 2 O when the angle was reduced by manual traction.
The crura of the diaphragm exert an important effect in maintaining the gastro-oesophageal angle and the position of the cardia. The action of the crura and the importance of the diaphragm in inhibiting gastro-oesophageal reflux have been discussed by Marchand (1957) .
Although an anatomical sphincter has not been demonstrated at the lower end of the oesophagus, there is a region of increased intraluminal pressure which is believed to correspond to a "physiological sphincter" (Fyke, Code and Schlegel, 1956; Siegel and Hendrix, 1961) . In the dog, this high pressure zone (HPZ) is 2 cm long and situated close to the gastrooesophageal junction. At the onset of swallowing, the pressure in HPZ decreased immediately and then increased as the wave of peristalsis passed down the oesophagus (Schlegel and Code, 1958) .
In man HPZ is 2-5 cm long and has an intrinsic pressure greater than the intragastric pressure (Pert et al., 1959; Winans, 1972) . At HPZ is a point of pressure reversal with respiration according to whether pressure is recorded above or below the diaphragm (Winans, 1972) . The behaviour of HPZ during swallowing is similar to that occurring in the dog (Fyke, Code and Schlegel, 1956 ). Furthermore, HPZ moves downwards with inspiration and upwards with expiration (Winans, 1972) . It has been suggested that the length and magnitude of HPZ may be important determinants of the competence of the sphincter.
Because HPZ moves with breathing and cannot be denned anatomically, it is detected usually by the "pull-through" technique described by Winans (1972) in which the catheter is withdrawn 0.5 cm at a time and the maximum pressure noted during the transition from gastric to oesophageal pressure tracings. In our study, HPZ pressure was recorded at a fixed point, as it was felt that the transient changes likely to be induced by suxamethonium would not permit application of the "pull-through" technique.
The increased pressure at the lower oesophageal sphincter (HPZ) has been attributed to the circular muscle of the oesophagus in this region, since proximal distension causes a reduction in HPZ pressure, as occurs at the onset of swallowing or distension of the proximal oesophagus by a balloon (Creamer and Schlegel, 1957; Fleshier et al., 1959) . However, the action of the diaphragm has been suggested as an additional mechanism of this increased pressure at HPZ, but this has not been supported by the studies of Winans (1972) .
The increase in HPZ pressure during muscle fasciculations in our subjects may be induced by several mechanisms including diaphragmatic compression. In addition, a cholinergically mediated response may be postulated as HPZ pressure is known to be reduced by anticholinergic drugs (Lindj Crispin and Mclver, 1968; Skinner and Camp, 1968; Misiewicz, 1974; Brock-Utne et al., 1977) .
Previous studies of the effect of suxamethonium on gastric pressure have used either open-ended catheters or balloons (table I) . However, the use of distended balloons for recording pressure inside the stomach is open to error as contraction of the stomach has the effect of squeezing a balloon and inducing a much greater pressure than exists in the open-ended organ through which waves of peristalsis pass. In addition, the presence of the balloon is likely to induce gastric contractions. The use of the perfusion system described here permits accurate measurement of intragastric pressure (Winans, 1972) . In addition, the perfusion system allows measurement of the contraction pressure of the physiological sphincter although a non-perfused catheter system does not (Winans and Harris, 1967 
SUMARIO
Se midieron las presiones en el esfInter esofagal inferior (zona de alta presion o ZAP) y estomago en 15 pacientes quienes sufrian de una ulcera duodenal y en 14 pacientes que no sufrian de una enfermedad gastrointestinal. Todos los pacientes fueron premedicados con morfina 10 mg i.m.
En los pacientes sin ulcera duodenal, la gradiente de presion entre la ZAP y el estomago fue de 6,6 + 0,62 mm Hg (medio + SEM) antes de disminuir a 4,9 + 0,86 despues de la induction de anestesia con tiopentona. Durante las fasciculaciones que siguieron al suxametonio i.v., la gradiente aumento a 7,1 ± 1,0 mm Hg. En los pacientes con ulcera duodenal, aunque la presion total fue inferior, las gradientes durante el estudio fueron semejantes a aquellas en los pacientes saludables. Concluimos que no existe mayor riesgo de regurgitacion durante las fasciculaciones inducidas por suxametonio.
